was quantitatively retained by 2-nitroso-1-naphthol-4-sulfonic acid (Nitroso-S) and tetradecyldimethylbenzylammonium chloride (TDBA Cl) onto benzophenone in the pH range 5.0 -6.0 from large volumes of aqueous solutions of various samples. After filtration, each solid mass consisting of a nickel complex and benzophenone was dissolved with 5 ml of dimethylformamide (DMF) and the metal was determined by atomic absorption spectrometry (AAS). About 0.6 µg of nickel could be concentrated from 200 ml of an aqueous sample, where its concentration was as low as 3.0 ng/ml. Eight replicate determinations of 2.5 µg/ml of nickel in the final DMF solution gave a mean absorbance of 0.112 with a relative standard deviation of 1.9%. The sensitivity for 1% absorption was 98 ng/ml. The interference of a number of anions and cations was studied and the developed optimized conditions were utilized for the trace determination of nickel in various alloys and biological samples.
Introduction
2-Nitroso-1-naphthol-4-sulfonic acid (Nitroso-S) was introduced by Hoffman 1 as a qualitative analytical reagent for cobalt, copper and iron and applied to a colorimetric determination of cobalt by Wise and Brandt. 2 Although the reagent formed water-soluble chelate anions with metal ions, the high absorption of the reagent blank at the measurement wavelength made the Nitroso-S procedure more troublesome. Motomizu and Toei reported the extraction of the Cu(II)-Nitroso-S anion with TDBA cation 3 and Fe(II)-Nitroso-S anion with azo dye cation in chloroform. 4 A survey of the literature reveals that nickel may be determined by zero-order spectrophotometry using 1,10-phenanthroline disulfonate 5 and 1,5-diphenylcarbohydrazide. 6 Solid-liquid separation after the adsorption of metal chelates onto benzophenone is rapid and convenient, and can be applied to many types of metal complexes. The only drawback is in the filtration and drying. A survey of the literature revealed that various adsorbents, such as thiol cotton, 7 Sepiolite, 8 C18-bonded silica gel, 9 Amberlite XAD-2 resin, 10 cellulose, 11 silicagel, 12 green tea leaves 13 and polythioether foam 14 have been tried for the preconcentration of metal ions. Because the desorption of the metal is carried out by a slow process of elution (probably the metal complex may be held by interior surfaces of the adsorbent and hence is not eluted easily), the procedure is time consuming. In this paper, an efficient method for the preconcentration of nickel from large volumes of the aqueous solutions of various standard reference materials with Nitroso-S-TDBAbenzophenone adsorbent is described. The method is economical (all reagents are cheap compared with many other reagents used recently [15] [16] [17] , rapid (the metal complex simply adsorbs onto benzophenone) and sensitive (the solid mass can be dissolved in 2 -5 ml of an organic solvent, and the whole of the solution may be used for the absorbance measurement). The solid mass, consisting of the metal ion associated complex and benzophenone [Ni-(Nitroso-S)-TDBA-benzophenone], can be easily dissolved with a suitable organic solvent, such as dimethylformamide (DMF), and the nickel is then determined by atomic absorption spectrometry (AAS). Various parameters have been evaluated and the developed method has been applied to the trace determination of nickel in various standard alloys and biological samples.
Experimental

Apparatus
A Shimadzu AA-670 flame atomic absorption spectrophotometer was used under the following conditions: wavelength, 232.0 nm; lamp current, 4.0 mA; slit width, 0.15 nm; burner height, 6.0 mm; acetylene flow, 1.7 l min -1 ; air flow, 8.0 l min -1 . A Beckman pH meter was employed for pH measurements. All glassware was washed with a mixture of concentrated sulfuric acid and concentrated nitric acid (1 + 1) before use.
Reagents
All reagents were of analytical reagent grade. A standard nickel solution was prepared from nickel(II) nitrate (Merck) in distilled water and standardized. 18 Buffer solutions of pH 3 -6, pH 6 -8 and pH 8 -11 were prepared by mixing an appropriate ratio of 0.5 M acetic acid and 0.5 M ammonium acetate, 0.1 M disodium hydrogenphosphate and 0.1 M sodium dihydrogenphosphate and 0.5 M aqueous ammonia and 0.5 M ammonium acetate, respectively.
A 1% solution of tetradecyldimethylbenzylammonium chloride (TDBA) (Merck) and 0.1% 2-nitroso-1-naphthol-4-sulfonic acid (Nitroso-S) (Fluka, Switzerland) were prepared in distilled water. Solutions of alkali metal salts (1%) and various metal salts (0.1%) were used for studying the interference of anions and cations, respectively.
General procedure
An aliquot of nickel solution (containing 1.0 -100 µg) was placed in a 100 ml Erlenmeyer flask with a tightly fitting stopper. Then, 2 ml of a 0.1% Nitroso-S solution was added to it and the mixture was diluted to 30 -40 ml with water. After the pH was adjusted to 5.2 with 2 ml of the buffer, 2 ml of a 1% TDBA solution was added. The solution was mixed well and allowed to stand for a few seconds.
Then, 0.2 g of benzophenone was added as a solid phase. This solution was stirred for 4 min to adsorb quantitatively the Ni-Nitroso-S complex onto benzophenone. A solid mass consisting of benzophenone and metal complex was separated by filtration on a Whatman filter paper (No. 1041). The residue was dried within the folds of the filter paper and transferred to an Erlenmeyer flask. The solid mass consisting of the metal complex along with benzophenone was dissolved with 5 ml of dimethylformamide (DMF). The solution was aspirated into an air-acetylene flame and the absorbance was measured at 232.0 nm. A calibration graph was prepared by taking various known amounts of nickel under the conditions given above.
Results and Discussion
Reaction conditions
Reaction conditions were established using 12.5 µg of nickel. The adsorption of nickel on this adsorbent was found to be maximum in the pH range 5.0 -6.0 (Fig. 1) . In a subsequent study, the pH was maintained at pH ∼5.2. Because the addition of 0.5 -15.0 ml of the buffer (pH ∼5.2) did not affect the retention of nickel, the use of 2.0 ml was recommended. Nickel was quantitatively adsorbed over the range 1.0 -6.0 ml of the 0.1% of Nitroso-S solution. Therefore, 2.0 ml of the reagent is recommended based on the present study.
Various amounts of benzophenone were added to the sample solutions while keeping other variables constant. It was observed that the signal height remained constant with the addition of 0.05 -0.4 g of benzophenone (Fig. 2) . Therefore, 0.2 g of benzophenone was used in subsequent studies. The effect of the shaking time on the adsorption indicated that the signal height remained constant over a range of 2.0 -9.0 min. Therefore, a 4.0 min shaking time was maintained in the present work. The volume of the aqueous phase was varied in the range of 10 -400 ml under the optimum conditions, while keeping the other variables constant. It was observed that the signal height was almost constant up to 200 ml (preconcentration factor of 40). However, for convenience, all of the experiments were carried out with 40 ml of the aqueous phase.
Choice of solvent
A number of solvents were tried for dissolving the Ni-(Nitroso-S)-TDBA-benzophenone. Because it was desired to dissolve the solid mass in a small volume (3 -5 ml) of solvent, it was essential to select a solvent in which the chelate is highly soluble in order to achieve a high sensitivity for atomic absorption spectrometry. The solid mass was found to be insoluble in ordinary organic solvents, such as hexane, but is soluble in dimethyl sulfoxide, toluene, ethanol, chloroform, dioxane, acetone and DMF. DMF was preferred owing to the high solubility and stability of the metal complex on benzophenone. It was found that 3 -5 ml of this solvent was sufficient to dissolve the mixture, thus enhancing the sensitivity of the method, because only a small volume (3 -5 ml) of the solvent was used to dissolve the complex and benzophenone.
Calibration and sensitivity
The calibration curve obtained with the general procedure was linear over 0.2 to 20 µg/ml of nickel in the final DMF solution with a correlation factor of 0.9995. Since it was possible to retain 0.6 µg of nickel from a 200 ml solution, dissolution with 5.0 ml DMF gave a detection limit of 3.0 ng/ml for nickel under the optimum conditions. Eight replicate determinations of 12.5 µg of nickel in the final 5 ml DMF solution gave a mean absorbance of 0.112 with a relative standard deviation of 1.9%. The sensitivity for 1% absorption was 98 ng/ml in the final DMF solution.
Effect of diverse ions
Various salts and metal ions were added individually to a solution containing 12.5 µg of nickel and the general procedure was applied. The tolerance limit was set as the diverse ion required to cause a ±3% error in the determination of nickel. The obtained results are given in Table 1 . Among the anions examined, large amounts of chloride, bromide, nitrate, acetate, carbonate and sulfate could be tolerated. Citrate, oxalate, orthophosphate, tartrate and EDTA interfered. Except for EDTA, a relatively low amount of these anions could be tolerated. Obviously, the stability constants of the Ni-EDTA complex must be higher than that of the Ni-Nitroso-S complex.
406
ANALYTICAL SCIENCES MARCH 2003, VOL. 19 Fig. 1 Effect of the pH on the retention of nickel. Ni, 12.5 µg; Nitroso-S salt, 2 ml; adsorbent, Nitroso-S-TDBA-benzophenone; solvent, DMF. Fig. 2 Effect of the amounts of benzophenone on the retention of nickel. Ni, 12.5 µg; pH, 5.2; Nitroso-S salt, 2 ml; adsorbent, Nitroso-S-TDBA-benzophenone; solvent, DMF.
Of the metal ions examined, many did not interfere up to mg levels, except for Fe(III), Cu(II), Co(II) and Ag(I). Fe(III) was masked with 3 ml of a 5% NaF solution. Cu(II) and Ag(I) were masked with 3 ml of a 1% Na2S2O3 solution. Thus, the proposed method is selective and can be used for the determination of nickel in standard alloys and biological samples without any prior separation.
Analysis of nickel in standard alloys and steel samples
The proposed method was applied to the determination of nickel in Nippon Keikinzoku Kogyo (NKK) CRM 916 and No. 920 Aluminum Alloy and NKK No. 1021, Al, Si, Cu, Zn Alloy and Japanese Standards of Iron and Steel (JSS) CRM 651-7 and 653-7 Stainless Steel. After a 0.1 g sample of the standard aluminum alloy or steel was completely dissolved in 6 -14 ml of hydrochloric acid (1 + 1) by heating on a water-bath, 1 ml of 30% (v/v) hydrogen peroxide was added to it. Excess peroxide was decomposed by heating the sample on the water-bath. The solution was cooled, filtered if needed, and diluted to 100 ml with distilled water in a standard flask. An aliquot (1 -2 ml) of this sample was taken in a 20 ml beaker and the general procedure was applied. The obtained results are given in Table  2 . These results are in agreement with the certified values.
Analysis of nickel in biological samples
The accuracy and applicability of the proposed method have been applied to the determination of nickel in National Institute for Environmental Studies (NIES): No. were dissolved in 18 ml of concentrated nitric acid, 18 ml of concentrated perchloric acid and 2 ml of concentrated hydrofluoric acid in a 100 ml Teflon beaker, evaporated to a small volume, filtered through a filter paper and made up to 100 ml with distilled water. An aliquot (10 -50 ml) of the sample solution was taken individually and nickel was determined by the general procedure. The results given in Table 3 are in good agreement with the certified values.
Conclusions
A simple, economical and highly selective adsorbent was generated by simply mixing aqueous solutions of Nitroso-S salt and TDBA + Cl -with benzophenone for the preconcentration of nickel from a large volume of an aqueous solution of alloys as well as biological and environmental samples. Since Nitroso-S reacts with many metal ions, a similar procedure may also be developed for other metal ions. It is not possible to develop selective methods for metal ions using benzophenone, since many metal-Nitroso-S complexes absorb at close wavelengths. However, with the use of FAAS this problem can be easily solved.
